Combination of SMN trans-splicing and a neurotrophic factor increases the life span and body mass in a severe model of spinal muscular atrophy.
Spinal muscular atrophy (SMA), a neurodegenerative disease, is the second most common genetic disorder and the leading genetic cause of infantile death. SMA arises from the loss of Survival Motor Neuron-1 (SMN1), leading to degeneration of lower motor neurons and, consequently, the atrophy of voluntary muscles. A duplicated copy gene called SMN2 exists in humans. SMN2 is unable to fully compensate for the loss of SMN1 because it produces very low levels of functional SMN protein due to an alternative splicing event. A C/T transition in SMN2 exon 7 results in a transcript lacking exon 7 and, therefore, creates a truncated SMN protein that cannot fully compensate for the loss of SMN1. However, SMN2 is an ideal target for therapeutic strategies that redirect this critical splicing event. Previously, we developed the first trans-splicing strategy to increase the full-length mRNA and functional SMN protein from the SMN2 gene. To improve the trans-splicing efficacy, we then developed a single-vector system that expressed a trans-splicing RNA (tsRNA) and an antisense blocking the downstream splice site. This single vector greatly enhanced trans-splicing of SMN2 transcripts in vitro and in vivo. In this report, we have added a neurotrophic factor [insulin-like growth factor (IGF)-1] to this single vector to determine whether neuroprotection and SMN induction provide greater protection in an SMA animal model. Intracerebroventricular injection of the trans-splicing/IGF vector significantly increased SMN protein in brain and spinal cord of SMAΔ7 mice and lessened the severity of disease in a more severe mouse model as evidenced by an extension of life span and increased body mass.